The early work of Welch and Nuttall (2), Welch and Flexner (3) , and Herter (4) established the existence and suggested the importance of the Welch bacillus. The studies of Bull (5) and of Bull and Pritchett (6) proved the existence of a true toxin in cultures of this organism. While the present paper is concerned only with the hemolytic substance, the hemotoxin, it is desirable to differentiate this lysin from the mixture of other toxic substances which may be contained in culture fluids of the Welch bacillus. Kojima (7) reports three toxic substances: the hemotoxin, a "false" toxin, and a true toxin. The "false" toxin and the true toxin seemed to be quite distinct, the hemotoxin and the true killing toxin were less sharply differentiated, although the hemotoxin proved to be somewhat more thermolabile. Henry (8, 9) distinguishes between the hemotoxin and the true killing toxin which he terms "myotoxin" and attempted to separate the two substances by selective absorption.
The occurrence of the lysin and its properties have been studied by a number of workers (4, 9, 19) . Most authorities agree that it is thermolabile; it is nondialyzable and may be precipitated by alcohol, ammonium sulfate, and other protein precipitants. It is inhibited or neutralized to some extent by normal serum from different animals (16, 20) , at least a part of this action probably being 215 attributable to lipoidal serum constituents. A wide variation may occur in the inhibitory action of the sera of different, normal rabbits (20) . The hemotoxin of the Welch bacillus is reported to be a true antigen, inciting an immunity response when injected into animals. The production of a specific antihemotoxin neutralizing the hemotoxin has been reported by Schlossberger (21) , Wuth (22) , and others. The specificity is apparently a "species specificity;" the hemotoxin is not neutralized by sera produced by immunization with other anaerobic bacteria such as the gas edema bacillus (22) , nor does the Welch antihemotoxin neutralize the hemotoxin of the tetanus bacillus. Studiesontheneutralization of the hemotoxin by the immune antihemotoxin have been made by Henry (9) .
EXPERIMENTAL.

Methods.
The methods used in the following experiments are ess'entiaUy the same as those employed in the previous study (1) . Well washed sheep cells were used in the hemolysis tests. Approximately constant concentrations of cells were obtained by colorimetric standardization of the stock suspensions from which the dilutions were made.
The three strains of the Welch bacillus used in the experiments were isolated from heated stools by Dr. Robert Nye of the Boston City Hospital. The cultures were grown in broth, previously boiled and sealed with a heavy layer of vaseline. Infusion broth yielded more active fluids than did meat extract broth. The culture fluids used as the source of the hemotoxin were not filtered but were rendered free from bacterial cells by prolonged centrifugation.
The Influence of the pH of the Hemolysis Test System upon the Activity of Welch Lysin.
It was necessary first to determine the influence of the pH of the medium in which the blood cells are suspended. For this purpose, comparisons were made of the activity of the lysin upon ceils suspended in physiological salt, with its activity upon ceils suspended in 0.1 ~t phosphate solutions ranging from pH 7.0 to 8.0. The following tests were made: (1) "titrations" of the smallest amount of lysin required for the hemolysis of cells suspended in the different solutions; (2) comparisons of the time required for hemolysis of a constant volume of cells by a constant amount of lysin; (3) comparisons of the degree of hemolysis effected by a constant amount of lysin in a constant time. Protocols illustrating the results of these experiments are given in Table I .
It is evident (Table I) that the Welch lysin is much less active when the blood cells are suspended i n phosphate solutions of pH 7.5 to 8.0, than if the cells are suspended in salt solution or in pH 7.0 phosphate.
It now follows that comparisons of the lysin content of culture fluids of different pH will be valid only if precautions are taken to maintain a constant pH in the hemolysis test systems. Hence, in all of the following experiments, the blood cells were suspended in buffer mixtures and control tests were made to prove that the acidity or alkalin- ity of the fluid added in the lysin tests was compensated by the buffered suspension medium.
If the differences in the hemolytic activity of Welch lysin in the different solutions in which the blood cells were suspended were due simply to some effect which rendered the blood cells more "fragile," one would expect other bacterial lysins to show the same marked differ-enCes at different pH. To show that this is not the case, a comparison of Welch lysin and tetanolysin is also presented in Table I . It is seen there that, while affected to some extent by the pH of the medium in which the ceils are suspended, tetanolysin does not show the marked differences in activity which are exhibited by Welch lysin. This also seems to rule out any difference which might be due to slight differences in tonicity of the buffer mixtures at different pH or to effects due to shifts in the ratio of potassium and sodium in the different buffer mixtures.
This influence of pH upon the activity of Welch lysin is of importance in two other connections. First, the pH of the circulating blood is not the optimum reaction for hemolysis by Welch lysin and this in itself, together with the inhibitory action of normal serum, offers a certain degree of protection against in vivo hemolysis. Second, many of the early reports that "neutralized" Welch culture fluids were devoid of lyric action may be explained by the fact that fluids "neutralized" to phenolphthalein (above pH 8.5) are too alkaline to offer a fair test for the activity of Welch lysin.
Heat Lability of Welch Lysin.
In most of the experiments on the heat lability of Welch lysin the fluids heated were at pH 6.5; the heating tests were made in vaseline-sealed tubes. It was found that the lysin is destroyed rapidly at 55°C., since 10 minutes at this temperature suffices for its complete destruction. These results indicated a somewhat higher degree of lability than that reported by the majority of the previous workers (4, 9, 11, 14, 16) . In view of the effect of pI-I upon heat inactivation, further experiments were made with the lysins of three strains adjusted to pH ranging from 3.0 to 9.0. All of these were inactivated by 10 minutes exposure to 60°C. (no tests were made at 55°C.).
Inactivation of Welch Hemotoxin by Exposure to Air and "Reactivation" of the Oxidized Lysin by Treatment with Reducing Agents.
A number of preliminary experiments showed that actively hemolytic fluids of Welch bacillus cultures lost their hemolytic power after exposure to air in Erlenmeyer flasks at room temperature. Since the hemotoxin proved perfectly stable for months in sealed tubes, it seemed probable that the inactivation process was an oxidation.
Tests were next made to determine if the inactive product of the Welch lysin, like the inactive oxidation product of pneumococcus hemotoxin, can be converted to the original, actively hemolytic substance by the action of reducing agents. These experiments were performed in the manner described in the preceding paper.
The protocol of a typical experiment is given in Table II . The results given in Table II prove that Welch lysin which has been inactivated by aeration can be "reactivated" by the reducing action of bacteria or of sodium hydrosulfite. Hence, as previously demonstrated for pneumococcus hemotoxin, aeration of Welch bacillus culture fluids yields a reversible oxidation product which can be converted to the originally active substance by reduction treatment. Experiments analogous to those described in the preceding paper were also made to determine if heat-inactivated Welch lysin can be "reactivated" by reduction. The results of these experiments were the same as those with pneumococcus hemotoxin; heat-inactivated Welch lysin cannot be "reactivated" by the action of reducing agents. This fact demonstrates that the products formed when Welch lysin is inactivated by heat are distinctly different from the inactive products formed when the lysin is exposed to air. The following experiment compares the degree of heat resistance possessed by the oxidized and the reduced lysin. The heating treatments were chosen from the data of preliminary experiments, so that one series was heated a period (10 minutes at 55°C.) just sufficient to destroy completely the reduced hemotoxin, and the other series was heated a period (2½ minutes at 55°C.) which had been found sufficient to inactivate somewhat over half of the reduced hemotoxin. Both the reduced and the oxidized lysin were heated in vaseline-sealed tubes. The protocol of this experiment is given in Table III . Heated 10 mln. at 55°C.
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The data presented in Table III show that the oxidized and reduced Welch lysin possess identical heat resistances. Not only are both destroyed entirely by 10 minutes exposure to 55°C., but the rate of destruction of the two substances is apparently the same, since approximately equal amounts of the oxidized and the reduced substance remain undestroyed after 2½ minutes heating. In view of the important change undergone by the lysin molecule when it is oxidized, the retention of its original degree of heat resistance is remarkable.
Influence of pH upon the Oxidation of Welch Lysin.
The following experiment is concerned with the effect of pH upon the subsequent stability of hemotoxin previously formed in broth of the optimum pH for lysin production. Cultures of the Welch bacillus were grown in poorly buffered infusion broth the initial reaction of which was approximately neutral. Two series of the lysin-containing broth were then adjusted to different pH by the addition of sterile acid and alkali. One series was protected from air by a heavy vaseline seal; the other series was freely exposed to air. At different periods of time, the stability of the hemotoxin in both the sealed and aerated series was compared by titrations of the hemolytic activity.
In the lysin titrations themselves each hemolytic test system was at approximately the same pH. Control tests were made to prove that the addition of each amount of lysin used did not change the pH of 2.5 cc. of 0.1 ~ phosphate solution (pH 7.0). Only the larger amounts of the more acid and alkaline lysins caused any change in pH; these cases were controlled by substituting pH 6.8 or pH 7.2 phosphate solution in the indicated instances.
The lysin was added directly to 2.5 cc. of 0.1 ~ phosphate solution (pH 7.0); after mixing the lysin and the buffer solution 1 drop of a 40 per cent suspension of blood cells was added. The hemolytic test mixtures were incubated 1 hour at 38°C. and then centrifuged.
Considerable precipitation occurred in the acidified lysin, especially in the sealed tubes. As far as was possible, this precipitate was avoided and the clear supernatant was taken for the samples used in the hemolytic tests. The pH was determined colorimetrically at the time of the 13 hour tests.
The results of the tests of the series in sealed tubes showed that Welch lysin retains its activity for at least 24 hours within a pH range of 6.0 to 9.0, provided air is excluded. This fact indicates that differences in the rate of inactivation of the lysin in the aerated series during the period of the experiment can be referred to the effect of pH upon oxidation of the lysin. The results of the tests of the aerated series are presented in Table IV .
To avoid the complications introduced by acid precipitation of the lysin, it is advisable to limit the analysis of Table IV .0, the rate of oxidation of Welch lysin is at least roughly proportional to the alkalinity. On the other hand, in fluids of lower pH, unless precipitated by excessive acidity, the lysin is relatively stable in contrast with its rapid inactivation when exposed to air in slightly alkaline solutions. The unadjusted culture fluid becomes more alkaline when exposed to air; and at least a part of the rapid change from approximately pI-I 6.5 to pH 7.2 can be explained by the loss of carbon dioxide. Since the lysin is oxidized more rapidly in alkaline solutions, the considerable increase in pH which occurs when the culture fluid is exposed to air must accelerate the inactivation of the lysin. In that sense, the processes involved in the inactivation of the Welch hemotoxin in aerated solutions can be considered as autocatalytic.
Detection of the Presence of Inactive Hemoloxin in Culture Fluids
Containing No "Active" Lysin.
A number of 2 months old cultures of Welch bacilli were examined in the usual way for the presence of active lysin. The vaseline seals of some of the cultures had been blown off by the vigorous gas formation; others, with intact seals, were in broth more alkaline than pH 7.5. None of these cultures showed the presence of any active lyric substance in tests with as much as 1.0 cc. of the fluid. However, after the bacteria-free fluids were treated with the reducing agent, amounts as small as 0.02 cc. gave complete hemolysis.
These results are easily explained, of course, by the preceding experiments. They show, however, the possibility of demonstrating the presence of oxidized lysin in culture fluids which would be pronounced free of hemotoxin if examined in the ordinary way. It would seem desirable to apply such tests to all culture fluids of unknown origin before pronouncing the tested strain to be devoid of the power of producing an active lysin.
DISCUSSION.
The hemotoxin of the Welch bacillus is inactivated by exposure to air. The inactivation is an oxidation process and is reversible. The reversal can be brought about by biological agents or by the chemical agent, sodium hydrosulfite, the same agents that is to say, which served in the reduction of the reversible oxidation product of hemoglobin and of pneumococcus hemotoxin. On the other hand, the heating of the hemotoxin yields "inactive" products which cannot be "reactivated" by reduction treatment.
The active reduced form and the inactive oxidized form of the lysin show no difference in the irreversible change brought about by heat. It seems logical to assume that the heat inactivation is in the nature of a protein denaturization. On the other hand, the marked change induced in the lysin by oxidation must be of entirely different nature and similar to those involved in the conversion of hemoglobin to its reversible oxidation product, methemoglobin.
The rate of oxidation of Welch lysin is influenced by the pH of the culture fluid. If the lysin is exposed to air in fluids adjusted to approximately pH 6.0, the oxidation proceeds much more slowly than in systems more alkaline than pH 7.0. In broth adjusted to more acid zones, around pH 4.0 and pH 5.0, the lysin is more stable than when aerated in alkaline broth, but much of the lysin is precipitated in the more acid systems. In considering the influence of pH upon oxidation of the lysin, it must be remembered that the hemotoxin of the Welch bacillus, like the lysin of Pneumococcus, may be oxidized, not by the direct action of molecular oxygen, but by oxidizing agents formed during the oxidation of othersubstances in the culture fluid. If this is the case, the observed influence of pH may be due not to the direct effect of pH upon the ease of oxidation of the lysin itself, but to its effect upon the formation of oxidizing agents from other substances.
It is probable that the gradual deterioration of Welch lysins which occurs in culture fluids stored under usual laboratory conditions is due in large part to oxidation processes. Where the "deterioration" really is an oxidation, the conditions determining the ease of oxidation of the lysin will determine its stability. Among these conditions, pH has been shown to be very important, and it is probable that the pH of the fluids explains the relatively high degree of stability of the Welch lysin in our broth cultures. When stored at room temperature under vaseline seal in broth cultures with a final pH of approximately 6.4, the lysin activity remained practically unchanged for months. (Since the Welch bacillusis not a strongly proteolytic organism, the hemotoxin, which is probably protein in nature, is not apt to be inactivated by proteolytic hydrolyses.) On the other hand, in culture fluids of final pH 7.5, the lysin gradually deteriorated after the 2nd week's storage at 37°C. and was completely inactive after 3 weeks. This occurred in cultures under a heavy seal of vaseline and under conditions identical in all respects, except that of pH, with those of the cultures at pH 6.2 which retained their original lysin activity. Since the inactive product in these sealed tubes of the pH 7.5 fluids was "reactivated" by treatment with hydrosulfite, it is evident that the observed "deterioration" of the lysin was an oxidation. While traces of oxygen may have passed through the seal, it would seem that the reducing action of the broth itself would be sufficient to compensate for these traces of air. Possibly, in alkaline systems the direct participation of oxygen is not required in the oxidation of the Welch lysin. At any event, it appears that in alkaline systems (as pH 7.5), the "active" reduced lysin is slowly converted to its "inactive" oxidation product even though the system possesses sufficient reducing activity to prevent the conversion of methylene white to methylene blue.
If the Welch lysin be considered as an antigen of bacterial origin the results of the above investigation are of considerable immunological interest from various theoretical points of view. Among the most suggestive relations illustrated are the following: the reversible oxidation and reduction of an antigenic substance; the inability of the oxidation product to injure (hemolyze) the ceU; and the marked influence of pH upon the oxidation of the hemotoxin. These relations suggest a number of potential applications to more important antigens, which it is fruitless to discuss until immunological evidence has been accumulated.
SUMMARY.
A study has been made of the oxidation and reduction of the hcmotoxin of the Welch bacillus. The oxidation of the lysin results in the loss of its hemolytic activity. The "inactive" oxidation product of the Welch lysin may be reversed to the "active" lysin by treatment with biological or chemical rcdudng agents. The lysin, both in its reduced and oxidized form, is irreversibly inactivated by the same heat treatment. The pH of the system is an important factor in the oxidation of the lysin, the process proceeding much more rapidly at a pH above 7.0.
